タンパク質翻訳阻害作用機構に基づく新規ながん治療薬の創製 by 津吹 政可
タンパク質翻訳阻害作用機構に基づく新規ながん治
療薬の創製
著者 津吹 政可
雑誌名 星薬科大学紀要
号 53
ページ 1-5
発行年 2011
URL http://id.nii.ac.jp/1240/00000140/
1. ????
????????????????????? ???
????? ????????????? ???????
??????????? ??????????????
?????????? ?????????????? ?
?????????????????????????
?????????????? ???? ???????
????????????????? ????? ???
??????????????????? ???? ??
??????????????????????
??? 22,25-??????????????????
?????????? hippuristanol????????
??????? eIF4A ?RNA helicase? ??????
??????????????????? ??????
?????????????????????????
????1?? ???????????? Isis hippuris
????? hippuristanol ?? ??? eIF4A ????
? eIF4F????????????????????
????????? ????????????????
??????? hippuristanol???????????
???????????????????? ?????
?????????????????????
?????? ??????????????????
?????????????????? eIF4A???
??? eIF4A?????????? 22,25-?????
?????????????????????
hippuristanol???????????????????
2. Hippuristanol??????
Hippuristanol?? 1981?????????????
???????????? Isis hippuris??????
????? 22,25-????????????????
????????????? ????????????
P-388???????????2?? ??? RNA????
???? eIF4A?mRNA?????????????
??????
?????? ?S?-4,5,5-trimethyl-2-dihydrofuran ?
?????? hippuristanol????????????
???????? ???????????????
?Scheme 1?? ????? hecogenin ?2? ??????
??? 12????????????? 11??????
?????? Marker??3? ??? F?????? ??
? E??? dihydrofuran????????? ????
???????????????? 16?-hydroxy-20-
ketone 3???? ????????S?-4,5,5-trimethyl-
2-dihydrofuran ??????? ? ????? ?
dihydrofuryl carbinol 4 ?????? ??? 4 ?
dihydroxy ketone 5???????????? ???
????????? hippuristanol ?1? ??????
?????? ??????????? hecogenin ??
16? -hydroxy-20-ketone ???????????
spiroketal??? 22???????????????
??
Scheme 1
??? 16?-hydroxy-20-ketone?????????
????????? diosgenin ?6? ?????????
Proc? Hoshi Univ. No.53, 2011
? ??
? ?
????????????????????????????
? ? ? ?
????? ???????? ???????????
Development of Novel Antitumor Compound Based on Inhibition
of Eukaryotic Translation Initiation
Masayoshi TSUBUKI
Institute of Medicinal Chemistry, Hoshi University
O
OO
HO
O
OH
TBDPSO
HO O
Li
OH
TBDPSO
HO O
OH
OH
TBDPSO
HO
O
OH
OH
O
O
HO
HO
OH
43)2(ninegoceh
)1( lonatsiruppih5
E
F
12 11
 
? ?Scheme 2?? ??? diosgenin?? 16,17-unsatu-
rated 20-ketone????????????4?????
???? 16?-acyloxy-20-ketone ???????? 16
?-hydroxy-20-ketone ??????????????
?? Diosgenin ?6? ?? epitigogenin ?9? ??????
diosgenin? 5?????????? Pd/C?????
????? ??? 7? 3?????????????
?????? ???? benzoate 8 ????????
EtMgCl??????????? ???? alcohol 9? 3
?? TBDPS ? 10 ????? 10 ? F ?? Marker ?
?? ????????????? ????? ?????
?????????????5? ?? dihydrofuran 11
???? ??? ??? 11??? 16?-hydroxy-20-keto-
ne ?????????? ???? 16,17-unsaturated
20-ketone??????????? ???? ?????
?????????? ???????????????
???? ??? 12?????
Scheme 2
??????? 12???????????????
?????? ???????????????? 13?
?????? 14? 1?1??????? ?Scheme 3??
??? 14??????????? ?????????
???? ????????? 16?-hydroxy-20-ketone
17?????? ,???????? 15??????
?????? ??? dihydrofuran 12 ? m-CPBA ?
? 6? ???????-hydroy ester 16?????
???????????????? 16?????
?????????????? ?Table 1?? ????
????????????,?-??????????
???????????????? ??? Lewis??
????????????? ????????????
????? ?????????? PPTS?????? ?
?????????? ,?-?????? 15????
?????? TFA?????? ???????? 16?-
hydroxy-20-ketone17?????? ???? BF3?OEt2
?????? ????? 17? 92??????? ???
????? TMSOTf??????????? 16?-hyd-
roxy-20-ketone17?????? ??? ???????
?????? 14???????????????? ?
????????????? ??????? ????
???????????????????
??? F ?????????????S?-4,5,5-
trimethyl-2-dihydrofuran??????? ?Scheme 4??
? ? ? ? ? ? ? ? ? ? ?S?-3-hydroxy-2-methy-
lpropionate ?18? ?? ?????????? 3???
? diol 19????7?? ????????? ?????
??????????? 20????? ???? nitrile
20 ???????????? ???? lactone ?
DIBAL?????? lactol 218? ??????? ????
??????????? ??????????????
????? 22??????
Scheme 4
???? 22?? spiroketal???????????
?????? dihydrofuran????????????
? ?Scheme 5?? ??? 17 ? 2-lithiodihydrofuran9?
??????? ??????????? 22?? 23? 3
???????? ??????? 22?? 24? 76??
???????? ??? 20????????????
Proc? Hoshi Univ. No.53, 2011
? ??
O
O
HO
  H2 , Pd/C
AcOH , THF
O
O
1.  K2CO3 ,  MeOH 
2. TESCl , imidazole     
        DMF
 Ph3P , DEAD
PhCOOH , THF
HO
O
O
BzO
O
O
HO
O
O
TBDPSO
EtMgCl, THF
      TBDPSCl , I2      
N-methylimidazole
            THF
NH4Cl , Ac2O
     pyridine O
AcO
TBDPSO
O
TESO
TBDPSO
96% 99%
89% 92%
83% 2 steps 83%
6
7
8
9
10 11
12
O
TESO
TBDPSO
O3 , MeOH / CHCl3
 then Me2S
O
OH
O
O O
O
OH
O
OH
O
O OH
O
1. m-CPBA , NaHCO3
      CH2Cl2
2. PPTS , MeOH
2 steps 59%
+
413121
1516  
OH
O
O
TBDPSO
condition
+
O
7161 15
O
O
OH
OH
Table 1. Removal of acyloxy moiety in16
 
reagent solvent time (hr) temperature 16 (%) 17  (%) 15 (%)
ZnCl2 (0.1eq) THF 24 reflux 100 0 0
PPTS  (0.5eq) benzene
CH2Cl2
6 r.t.
r.t.
r.t.
r.t.
0
35
0
0
0
43
91
78
99
10
1
2
CH2Cl2 3
3
1
TFA (10eq)
BF3 OEt2 (1eq)
TMSOTf (0.1eq)
CH2Cl2
 
HO
CO2Me
1  DHP , TsOH , ether 
2  MeMgBr , ether
3 TsOH , MeOH
   3steps 93%
HO OH NC OH
OHO O
1.  4 - nitrobenzoyl chloride
     TEA , CH2Cl2
2. 10mmHg , 180°C 
    2 steps 84%
18
19 20
22
1. TsCl, pyridine
2. NaCN, DMSO
2 steps
   80%
21
1. NaOH, DMSO
2. DIBAL, CH2Cl2
2 steps 
    85%
 
Scheme 3
Cram?????????????????? ????
? TBAF???????????????? ?22S?-?
? ?22R?-26,27-bisnorfurostane 25 ? 26 ?????
??????? ??? ???????????? 26?
X????????????????
Scheme 5
??? ???? spiroketal 24???? 22????
???????????? ?Table 2?? BF3?Et2O?
?????? ????????? F????????
???? ??? CSA? PPTS????????????
??????????? 22?? 23?????? 22?
? 24? 2 : 1???????? ???????????
??? ?????????????????? 22??
23???????????????
??????????? MOPAC????????
??????? ??????????????????
???????????????? 2 kcal/mol???
??????????? ?Figure 1?? ????????
??? 17?? 2-lithiodihydrofuran????????
????????????? ????????????
??? 24??????????????? ?????
?????????????????????????
?? 22?? 23??????????????????
???
Figure 1
????????????????S?-4,5,5-trimethyl-
2-dihydrofuran 22???? 11-deoxyhippuristanol?
??????? ?Scheme 6?? ??????? 2-lithio-
?S?-4,5,5-trimethyl-2-dihydrofuran???? 17???
???? ???????????? 22S? 27?? 70?
????????? ?????????????? CSA
??????????? ???????????? 22S
? 27????? 22R? 28? 54 : 46????????
???????????? ????? TBAF????
??????? 22-epi-11-deoxyhippuristanol 29? 11-
deoxyhippuristanol 30??????
Scheme 6
3. Hippuristanol????
???????????????? hippuristanol?
???????????????? 11???????
?? hippuristanol????????? ????????
??????????? 12 ??????????
hecogenin ???? ? 12 ?????????
hecogenin ?? 11-???? tigogenin ?????
Djerassi?????????????10?? ??????
???? 12???????? 1,2-?????????
????????????????? ????????
???????,???????? 11?,16?-dihydroxy-
20-ketone 3 ???? ?Scheme 7??
??? hecogenin acetate ?2? ? 3 ???????
????????????????????? ????
???? benzoate 31???? 12?????????
???????????? m-????? ?mCPBA? ?
??????????? ??????????? 11-
hydroxy-12-ketone 32?????? -Hydroxyketone
????????????????? AlCl3?????
12????????????????? 33?????
12??????????? SmI211? ?????? ???
3?????????????? ??? 34?????
????? 3???????? t-??????????
????????? ????????????????
????????????? NH4Cl????????
???? ?????????????????????
Proc? Hoshi Univ. No.53, 2011
? ??
O
TBDPSO
OH
O
 THF
-78°C
O
O
O
O
OHOH
+
423271
3% 76%
t-BuLi
THF
HO
25
O
OHO
HO
26
O
OHO
TBAF, THF
   84%
TBAF, THF
   91%
 
Table 2. Equilibration of spiroketal 24
O
O
O
O
OHOH
+
23 24
conditions
O
O
OH
reagent time
BF3OEt2 (0.1eq)
CSA (0.1eq)
PPTS (0.1eq)
1hr
0.5hr
0.5hr
:
:
:
1 1 
a
12
12
24
product distribution (ratio of 23 : 24)
a 
Unknown products were formed.
CH2Cl2
yield (%)
 ( 23+24 )
64 %
99 %
95 %
 
OH
O
O
H H
OH
O
H
O
H
heat of formation
-164.40951 kcal/mol
heat of formation
-162.41938 kcal/mol
Δ-1.99013 kcal/mol  
O
TBDPSO
OH
O
O
O
O
O
OHOH
827271
70%
t-BuLi
THF
 THF
-78°C
CSA
27/28=54:46
HO
29
O
OHO
HO
30
O
OHO
11-deoxyhippuristanol
TBAF, THF
98%
94%
TBAF, THF
96%
 
?????????????????????????
????? 35?????? E???????????
? mCPBA?????????? 16?-acyloxy-20-ket
one 36?????? 16??????????????
??????? BF3?OEt2 ???? ????? 11?,
16?-dihydroxy-20-ketone 3????
Scheme 7
E/F??????? hippuristanol????????
????? ?Scheme 8?? ????????? 2-lithio-
?S?-4,5,5-trimethyl-2-dihydrofuran ???? 3 ???
???? ???????????? 22S? 37?? 53
?????????? ??? 3?? dihydrofuran??
????????? ????????????????
??? ?????????????? CSA?????
?????? ???????????? 22S? 37??
??? 22R? 38? 64 : 36????????????
???????? ?????????????????
???? ???? 22R???? 22S??????? ?
???? TBAF ??????????? 22-epi-
deoxyhippuristanol 39? hippuristanol 1??????
Scheme 8
??????? 16?-hydroxy-20-ketone 3???S?-
4,5,5-trimethyl-2-dihydrofuran??????????
22,25-??????????????????????
???? hippuristanol?????????? ????
????? ???????? F??????????
???????????????????? ?????
????????????? F??????????
?????????
????
?????? ??????????????????
?????????????????? eIF4A???
??? eIF4A?????????? 22,25-?????
?????????????????????
hippuristanol??????????????????
????????????????? Hippuristanol?
?????????????? 22R????????
????????????????????? ?????
???? diosgenin????????? ???????
11?,16?-??????-20-????????????
????? ????????????????????
?? hippuristanol????????????????
?? ? ? ?? ? ? ????? hecogenin ??
hippuristanol???????????
???? ????????????????????
????? ??????????? RNA helicase
?eIF4A? ??????????????? ??? ??
??????????????? cephalostatin ?
ritterazine???????????????????
?? RNA helicase??????????????? ?
??? ??????????????????????
?????????????????????????
???????
??
??????????? ??22?????????
????????????????? ????????
???????????????????? ??? ??
????? ????????????????????
??? ??????????????????????
?????????????????????????
?????
Proc? Hoshi Univ. No.53, 2011
? ??
O
O
AcO
1. K2CO3
2. Ph3P, DEAD
PhCOOH O
O
BF3
.OEt2
CH2Cl2
1. LDA, THF-HMPA
TMSOTf
2. mCPBA, NaHCO3
CH2Cl2
3. 3N HCl
BzO
O
O
BzO
O
O
BzO
mCPBA
NaHCO3
CH2Cl2
O
TBDPSO
2 steps 96% 3 steps 83%
2 steps 90% 2 steps 89%
57%
96%
hecogenin
acetate (2)
31
32 33
36
O
O
O
HO
3. MeLi
4. TESOTf, pyridine
O
TESO
TBDPSO
35
O
O
HO
1. TBDPSCl , I2, THF
N-methylimidazole
2. NH4Cl, Ac2O, pyridine
4 steps 46%
34
AcO
O
1. AlCl3, THF
2. Ac2O, DMAP
pyridine
1. SmI2, THF, MeOH
2. LiAlH4, THF
HO TESO
O
TESO
OTES
O
OH
OH
TBDPSO
3
O
HO
O
TBDPSO
OH
O
O
O
O
O
OHOH
83733
53%
t-BuLi
THF
THF
-78°C
CSA
37/38=64:36
HO
39
O
OHO
HO
O
OHO
hippuristanol (1)
TBAF, THF
quantitative
98%
TBAF, THF
91%
HO
HO HO
 
Proc? Hoshi Univ. No.53, 2011
? ??
? ? ? ?
1) Bordeleau, M.-E., Mori, A., Oberer, M., Lindqvist, L., Chard, L. S., Higa, T., Belsham, G. J., Wagner, G., Tanaka,
J., Pelletier, J., Functional characterization of IRESes by an inhibitor of the RNA helicase eIF4A, Nature Chemical
Biology, 2, 213-220 (2006).
2) Higa, T., Tanaka, J., Tsukitani, Y., Kikuchi, H., Hippuristanols, cytotoxic polyoxygenated steroids from the gorgonian
Isis hippuris, Chem. Lett., 1647-1650 (1981).
3) Marker R., Wagner R. B., Ulshafer P. R., Wittbecker, E. L., Goldsmith, D. P. J., Ruof, C. H., Steroidal Sapogenins,
J. Am. Chem. Soc., 69, 2167-2230 (1947).
4) Goswami, A., Kotoky, R., Rastogi, R.C.,. Ghosh, A. C., A One-Pot Efficient Process for 16-Dehydropregnenolone Ace-
tate, Org. Process Res. Dev., 7, 306-308 (2003).
5) Miocovic, I. V.; Ivanovic, M. D.; Piatak, D. M., Simplified Preparation of 16-Dehydropregnenolone Acetate, Synthesis,
591-592 (1990).
6) Jastrzebska, I.; Katrynski, K. S.; Morzycki, J. W., Further study on oxidation of pseudosapogenins, Arkivoc, ix, 46-54
(2002).
7) Tsuji, M.; Yokoyama, S.; Tachibana, Y., A New and Convenient Synthesis of 1,25-Dihydroxyvitamin D2 and Its
24R-Epimer, Bull. Chem. Soc. Jp., 62, 3132-3137 (1989).
8) Dondi, D.; Caprioli, I.; Fagnoni, M.; Mella, M.; Albini, A., A convenient route to 1,4-monoprotected dialdehydes, 1,4-
ketoaldehydes, ?-lactols and ?-lactones through radical alkylation of ,?-unsaturated aldehydes in organic and or-
ganic-aqueous media, Tetrahedron, 59, 947-957 (2003).
9) Jarowicki, K.; Kocienski, P. J.; Qun, L., 1,2-Metallate rearrangement: (Z)-4-(2-propenyl)-3-octen-1-ol, Org. Synth., 79,
11-14 (2003).
10) Djerassi, C.; Ringold, H. J.; Rosenkranz, G., Steroidal Sapogenins. XXXVII. Experiments in the Hecogenin Series.
(Part 6). Conversion to Cortisone, J. Am. Chem. Soc., 76, 5536-5536 (1954).
11) Dietrich, E.; Lubell, W. D., Efficient Synthesis of Enantiopure Pyrrolizidinone Amino Acid, J. Org. Chem., 68, 6988-
6996 (2003).
Development of Novel Antitumor Compound Based on Inhibition of Eukaryotic Translation Initiation
Masayoshi TSUBUKI
Institute of Medicinal Chemistry, Hoshi University
Eukaryotic initiation factor (eIF) 4A plays an essential role in translation initiation on most eukaryotic mRNAs by
unwinding their secondary structure to permit ribosomal attachment and scanning. The natural product hippuristanol
selectively inhibited eIF4A- and eIF4A-dependent modes of translation initiation. Hippuristanol, isolated from the
gorgonian Isis hippuris, is a polyoxygenated steroid, which showed cytotoxicity. The unique molecular architecture and
intriguing biological profile of hippuristanol inspired the synthetic community immediately after the new finding, and one
total synthesis has been reported. As a part of our continuing work on the synthesis of physiologically active natural
products, we were interested in developing a new method to synthesis hippuristanol and its analogs, which could show
better activity than the parent molecule.
At first commercially available diosgenin was converted to 16?-hydroxy-5-pregnan-20-one using Marker degrada-
tion as a key step. Addition of 2-lithiodihydrofuran derivative to 16?-hydroxy-5-pregnan-20-one afforded spontaneously
hippuristanol framework. Equilibration of the spiroacetal occurred under acidic condition to give hippuristanol-type and
22-epi-hippuristanol-type. Deprotection of silyl ether moiety gave 11-deoxyhippuristanol. Then, we turned out our atten-
tion to the synthesis of hippuristanol from hecogenin. Transposition of oxygenated functionality at 12-position to 11-
position was carried out by silyl enol etherification followed by epoxidation gave 11-oxygenated tigogenin. The Marker
degradation and introduction of dihydrofuran moiety afforded the desired hippuristanol. Thus, we have accomplished
the synthesis of hippuristanol and its analogs by means of the spiroacetalization of 22,25-epoxy-16?,20-dihydroxy-24-
methylcholest-22-ene. Further synthetic studies toward unnatural hippuristanol derivatives are currently under investi-
gation.
